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Description 
Identifying the Location of an Asset 

Background of Invention 

[0001] Field 0 f the Invention 

[0002] The present invention generally relates to asset locator 

systems, and more specifically to a method and apparatus 
for identifying the location of an asset. 

[0003] Related Art 

[0004] A n asset, as used in the present application, generally 
refers to a property which can be moved from one loca- 
tion to another. For example, in the airline industry, pas- 
senger bags (assets) are transported across multiple loca- 
tions (e.g., from check-in place to temporary storage 
place, to a sequence of flights, and then to check-out 
place in the destination location). 

[0005] There is a general need to identify the present location of 
an asset. In the airline example of above, it is desirable to 
know in which airport/storage place, etc., a specific bag- 
gage is present. The information may then be used to 



track the location of the asset, if such a need arises, as is 
well known in the relevant arts. 

[0006] a prior approach may attach a badge ("asset badge") to an 
asset sought to be tracked/located. The badge may trans- 
mit a unique identifier periodically, and a reader may be 
designed to receive/decipher the identifiers. The area 
covering the location of such badges generally forms the 
zone of a reader. The reader may forward the identifiers 
to a central data processing system, using which a user 
may determine that an asset of interest is within a zone of 
operation of a corresponding reader. 

[0007] one problem with the above approach is that the specific 
position of the asset within that zone may not be identi- 
fied even approximately. It may be desirable to identify 
the specific location of an asset within a zone of a 
reader.example, assuming that an explosion (due to a 
bomb) is determined to have occurred in a specific loca- 
tion, it may be desirable to know the specific assets that 
were present around/at that location (for investigation 
purposes). Unfortunately, it may not be possible to deter- 
mine the specific location of assets within a zone of the 
reader. 

[0008] international application number WO 01/06401 Al pub- 



lished (hereafter "PCT Application") under Patent Coopera- 
tion Treaty (PCT) entitled, "Method and Apparatus for Mo- 
bile Tag Reading"naming Jay Werb as inventor teaches 
various approaches to determine the specific location of 
the badges/assets. The approaches there, among other 
techniques, appear to rely on approaches such as Global 
Positioning System (GPS) in individual badges (see for ex- 
ample, line 30 page 6 through line 3 page 7 of the PCT 
Application) or travel time-of-flight of signals between a 
tag and tag reader (see, for examples, lines 17-25 of Page 
9 of the PCT Application). 
[0009] Unfortunately, implementation of GPS support in individ- 
ual tags may lead to unacceptably high cost solutions. On 
the other hand, approaches based on time of flight of sig- 
nals may not be suitable in situations when assets are 
closely located since such techniques are generally based 
on measuring a round-trip time of a signal sent by a 
reader and reflected by the specific asset. In particular, 
the reader may not be able to identify which specific one 
of the tags has reflected the signal, thereby posing chal- 
lenges in determining the specific location of an asset of 
interest. In addition, since all badges need to have sup- 
port for cooperatively reflecting the signals sent by a 



reader, the total cost of such implementation may also be 
unacceptably high. 
[0010] what is therefore needed is a method and apparatus en- 
abling identifying the location of an asset. 
Summary of Invention 

[001 1] a tracking system provided according to an aspect of the 
present invention tracks the location of multiple assets of 
interest. The tracking system may contain asset badges 
which are respectively attached to corresponding assets of 
interest, asset badge transmits a corresponding badge 
identifier. The tracking system may further contain multi- 
ple intelligent badges, with each intelligent badge receiv- 
ing a corresponding one of multiple sets of badge identi- 
fiers, and in turn sending the corresponding one of multi- 
ple sets of badge identifiers to a processing system. For 
example, assuming for illustration that there are only 
three intelligent badges respectively receiving three, four 
and six badge identifiers, the three intelligent badges 
send the respective received sets of three, four and six 
badge identifiers. 

[0012] The processing system receives and processes the multi- 
ple sets of badge identifiers and corresponding identifiers 
of the intelligent badges to determine a relative location 



of the assets of interest. In an embodiment, the determi- 
nation of relative location is based on the overlap of the 
sets of badge identifiers. As a result, the location of each 
asset of interest may be determined at least approxi- 
mately. A reader may be provided to receive the sets of 
badge identifiers, and forward the sets to the processing 
system. 

[0013] The tracking system may also contain a reference badge 
positioned at a known location in an area where multiple 
assets are located. The reference badge may transmit a 
reference badge identifier. The intelligent badges receiv- 
ing the reference badge identifier, may include the refer- 
ence badge identifier in the corresponding sets of badge 
identifiers sent to the processing system. As the location 
of the reference badge is known, the location of the asset 
badges (and thus the assets) may be determined in rela- 
tion to the known location. 

[0014] Another aspect of the present invention enables a group 
of assets to be tracked in a cost-effective manner. In an 
embodiment, a set of component badges respectively at- 
tached to corresponding one of the assets transmit re- 
spective badge identifiers, which are collected by an active 
badge. An active badge may send the set of component 



badge identifiers and a self-identifier (of active badge) to 
a corresponding intelligent badge. The processing system 
receives the set of badge identifiers from a corresponding 
intelligent badge and determines the relative location of 
the active badge similar to the determining of location of 
asset badges. 

[0015] The approximate location of each of the assets attached 
to one of the component badges is deemed to be the 
same as the relative location of the active badge. As a re- 
sult, the processing requirements on the processing sys- 
tem may be reduced. In addition, the component badges 
may be designed to transmit badge identifier using energy 
derived from signal transmissions from the active badges, 
and the overall cost may be reduced as a result as well. 

[0016] Further features and advantages of the invention, as well 
as the structure and operation of various embodiments of 
the invention, are described in detail below with reference 
to the accompanying drawings. In the drawings, like ref- 
erence numbers generally indicate identical, functionally 
similar, and/or structurally similar elements. The drawing 
in which an element first appears is indicated by the left- 
most digit(s) in the corresponding reference number. 
Brief Description of Drawings 



[0017] The present invention will be described with reference to 
the accompanying drawings which are described briefly 
below. 

[0018] Figure (Fig.)l is a block diagram of an example environ- 
ment illustrating the problem in identifying the specific 
location of an asset using a prior approach. 

[0019] Figure 2 is a block diagram illustrating the details of an 
example tracking system implemented according to an 
aspect of the present invention. 

[0020] Figure 3 is a flow-chart illustrating the details of an ap- 
proach employing intelligent badges associated with some 
assets to identify the relative location of an asset within a 
zone of a reader according to an aspect of the present in- 
vention. 

[0021] Figure 4 is a block diagram of an example environment 

implemented according to one more aspect of the present 
invention. 

[0022] Figure 5 is a flow-chart illustrating the details of an ap- 
proach employing intelligent badges associated with each 
asset to identify the location of an asset according to one 
more aspect of the present invention. 

[0023] Figure 6 is a block diagram of an example environment 
implemented according to yet another aspect of the 



present invention. 

[0024] Figure 7 is a flow-chart illustrating the manner in which a 
central processing system may support the determination 
of the location of each asset according to an aspect of the 
present invention. 

[0025] Figure 8 is a block diagram illustrating the details of im- 
plementation of a processing system substantially in the 
form of software instructions in an embodiment of the 

present invention. 
Detailed Description 

[0026] lm Definitions 

[0027] The following definitions are used in the subject patent 

application:Asset Badge: A badge attached to an asset. An 
asset badge transmits a self-identifier or badge identifier 
(any signal/data that uniquely identifies the asset badge) 
using a wire-less technology (e.g., based on infra-red 
signals). 

[0028] Reference Badge: A badge whose location is predefined/ 
identified (e.g., by placing the reference badge in a known 
location or by using technologies such as GPS)lntelligent 
Badge: A badge which can collect the self-identifiers of 
asset badges (including active badges, described below), 



reference badges and other intelligent badges within its 
(i.e., of the intelligent badge) zone. The collected identi- 
fiers are passed to a data processing system to determine 
the location of the badges. 

[0029] Active Badge: A type of asset badge, which is associated 
with a group of assets. The active badge collects the iden- 
tifiers of a group of component badges (defined below), 
and transmits the group of identifiers along with a self- 
identifier (of the active badge) to an intelligent badge. 

[0030] Component Badge: A badge which transmits a self- 
identifier, which is recognised (or collected) by an associ- 
ated active badge only (not by reader or intelligent 
badges). A group of component badges associated with 
an active badge areas being in a single location (and thus, 
only the self-identifier of the active badge is considered in 
determining the location of assets). 

[0031] Reader: A device which receives the sets of self-identifiers 
from corresponding intelligent badges, and forwards the 
same to a processing system. In an embodiment de- 
scribed below, the reader receives the self-identifiers 
from various asset badges as well. 

[0032] 2 . Overview 

[0033] According to an aspect of the present invention a few in- 



telligent badges (IB) are attached to corresponding few 
assets and asset badges (AB) are attached to the remain- 
ing assets, with all assets being located in a nearby area. 
Each AB may periodically transmit a corresponding unique 
identifier and each IB collects a set of all the received 
identifiers. Each IB may transmit a corresponding set of 
identifiers to a reader, which forwards the sets to a digital 
processing system. The digital processing system may an- 
alyze the sets to determine the approximate relative loca- 
tion of each (asset and intelligent) badge. A few reference 
badges (RB) may be provided at pre-specified locations 
such that the approximate absolute (in relation to the pre- 
specified locations) location of the RBs and IBs may be de- 
termined. 

[0034] | n another embodiment, each asset is associated with an 
IB and each IB collects the identifiers of all the badges op- 
erating within the zone of a corresponding IB. In the ex- 
ample in relation to the airports, the zone is typically of 
the order of a few feet. However, depending on the envi- 
ronment in which the features of the present invention are 
employed, the zone coverage can be less or more (e.g., 
many miles). 

[0035] Each IB may pass a corresponding set of received identi- 



fiers to a reader, which in turn passes the received sets to 
a digital processing system. The digital processing system 
processes the sets to determine the approximate location 
of each asset/badge. Associating each asset with a corre- 
sponding IB improves the resolution of identifying the lo- 
cation of an asset. In addition, by having IBs collect the 
identifiers of other IBs (if in the zone/range), the compu- 
tation of the location can be further simplified. 

[0036] Several aspects of the invention are described below with 
reference to examples for illustration. It should be under- 
stood that numerous specific details, relationships, and 
methods are set forth to provide a full understanding of 
the invention. One skilled in the relevant art, however, will 
readily recognize that the invention can be practiced with- 
out one or more of the specific details, or with other 
methods, etc. In other instances, welLknown structures or 
operations are not shown in detail to avoid obscuring the 
invention. 

[0037] 3 Prior Environment 

[0038] Figure 1 is a block diagram of a prior environment illus- 
trating some problems in a corresponding approach. Envi- 
ronment 100 is shown containing central processing sys- 
tem 110, reader 120 (with an associated zone 150), assets 



140_A through 140_X, and asset badges (AB) 160_A 
through 160_Z. Each block is described below in further 
detail. 

[0039] For illustration, the prior example environment is shown 
containing a central processing system 110 receiving data 
from only one reader (120 associated with zone 150) for 
conciseness. However, in typical environments a central 
processing system may receive data from multiple readers 
to identify and/or track the location of an asset of inter- 
est. 

[0040] Each asset badge 160-A through 160-Z is attached to a 
corresponding asset 140-A through 140-Z. Each badge is 
implemented with a unique badge identifier. Each badge 
periodically transmits the corresponding badge identifier. 
The badges are referred to as asset badges (AB) to distin- 
guish from intelligent badges (described in sections be- 
low). The approximate location of the badge (and thus the 
corresponding asset) is determined based on the trans- 
mitted signals, as described below. 

[0041] Reader 120 receives badge identifiers from asset badges 
160-A through 160-Z located within zone 150, and sends 
data representing the set of received identifiers to a cen- 
tral processing system 110. For example, reader 120 may 



receive the corresponding identifiers from asset badges 
160-A through 160-Z (respectively associated with assets 
140-A through 140-Z) using a radio frequency (RF) sig- 
nals, and forward the data representing identifiers to cen- 
tral processing system 110 using technologies such as lo- 
cal area networks (LANs). Reader 120 may be placed in a 
fixed location. 

[0042] Central processing system 110 receives data from multi- 
ple readers (only one reader shown for conciseness) cov- 
ering a corresponding zone. Based on the reader that is 
sending the identifiers (of badges), central processing 
system 110 determines that an asset of interest is in that 
specific zone. However, it may not be possible to deter- 
mine the specific location/position corresponding to an 
asset within a zone corresponding to a reader. The de- 
scription is continued with reference to the manner in 
which the specific location of an asset/badge (within a 
zone) can be determined according to an aspect of the 
present invention. 

[0043] 4 Tracking Location of a Badge/Asset Within a Zone of the Reader 

[0044] Figure 2 is a block diagram illustrating the manner in 
which the specific location of assets 140-A through 
140-Z can be tracked according to an aspect of the 



present invention. The block diagram is shown containing 
central processing system 210, reader 220, assets 140-A 
through 140-Z, asset badges 260-1 through 260-4, in- 
telligent badges 270-1 and 270-2, and reference badges 
290 through 293 (in addition to the badges introduced in 
Figure 1). Each block is described in detail below. 

[0045] Each asset 140-A through 140-Z is shown attached to 
one of either an intelligent badge (IB) or an asset badge 
(AB). By appropriate use of the IBs, the location of an asset 
within a zone of the reader, can be determined as de- 
scribed below in further detail. 

[0046] Asset badges 260-1 through 260-4 are respectively at- 
tached to assets 140-A,140-C, 140-D, and 140-Z. The 
asset badges transmit a corresponding unique identifier 
periodically using wireless signal/technology such as in- 
fra-red signals. The identifiers transmitted by an asset 
badge (operating in the zone of a corresponding IB(s)) 
may be collected by a corresponding IB(s). Identifier of 
each asset badge may be directly sent to a corresponding 
reader using RF signal as well. As described below, the 
identifiers are received by the reader. 

[0047] Reference badges 290 through 293 (not attached to an 
asset) may be installed at pre-specified locations such 



that the approximate absolute location of the asset 
badges and IBs may be determined. A reference badge 
transmits a corresponding identifier using, for example, 
an IR signal and may be received by a corresponding IB(s). 

[0048] intelligent badges (IB) 270-1 and 270-2 are shown at- 
tached to assets 140-B and 140-E respectively. IB collects 
identifiers from badges (asset , reference, and other intel- 
ligent badges) located within the corresponding badge 
zone, and sends data representing the set of collected 
identifiers to reader 220 (e.g., using RF transmissions) 
along with a self-identifier representing the IB transmit- 
ting the data. As intelligent and asset badges are associ- 
ated with assets that may move, the set of collected iden- 
tifiers may also be different at different time points as 
well. In addition, each IB may transmit self-identifiers 
similar to asset badges, and other IBs may process (collect 
and forward) such self-identifier similar to the identifiers 
of the asset badges. 

[0049] Reader 220 is implemented to receive a combination of 
set of collected identifiers and self identifier (of a corre- 
sponding IB) from each of IBs 270-1 and 270-2. Reader 
220 may receive badge identifiers directly from asset 
badges 260-1 through 260-4 as well. Data representing 



the combination (both set and self identifier of the IB 
sending the set), and identifier of each asset badge may 
be forwarded to central processing system 210 using 
(wired/wireless) networking technologies such as local 
area networks (LANs), wide area networks (WAN), internet 
etc. 

[0050] Central processing system 210 receives data sent by 
reader 220 and identifies the approximate location of 
each asset/badge within the reader zone. Various mathe- 
matical approaches may be employed to determine the 
approximate location. In one embodiment, information 
indicating the specific location at which each reference 
badge is located, is provided to central processing system 
210. Depending on the specific reference badges falling 
within the zone of each IB, the approximate location of 
the IB is determined. By having more reference badges, 
the location of IBs can be more precisely identified. 

[0051] After the approximate location of each IB is identified, the 
relative location of each AB (and thus the corresponding 
asset) can be determined based on the specific IB zones 
the AB is indicated to be part of. Again, the location of 
each AB can be determined more accurately by employing 
more IBs. Thus, the accuracy of determination of specific 



location of each AB can be enhanced by increasing the 
number of reference badges (RBs) and intelligent badges 
(IB). 

[0052] it should be appreciated that RF and IR merely represent 
example technologies using which various types of data is 
transmitted. However, various aspects of the present in- 
vention can be implemented using any other wireless 
technology as well. The manner in which different types of 
badges can be used/operated to identify the location of 
an asset according to an aspect of the present invention is 
described below. 

[0053] 5_ u s i n g intelligent Badges to Identify the Specific Location of an 
Asset of Interest 

[0054] Figure 3 is a flow-chart illustrating the manner in which 
specific location of an asset can be identified according to 
an aspect of the present invention. For illustration, the 
flow-chart is described with reference to example envi- 
ronment of Figure 2. However, the method may be imple- 
mented in other environments as well. The method begins 
in step 301 in which control immediately passes to step 
310. 

[0055] | n s tep 310, a reader is installed at a location, with the 
reader being in the transmission range of intelligent 



badges. In general, readers are installed at locations 
wherein the specific location of assets may need to be 
identified. For example, reader 220 may be installed at a 
location in the airport area where the baggage is stored 
prior to loading in an airplane. 

[0056] | n s tep 320, the zone corresponding to a reader may be 
identified. The zone may be identified based on the ex- 
pected distance the signals generated by the intelligent 
badges (IB) and asset badges can travel with sufficient 
strength to permit recovery of the encoded data. In the 
above example, zone 150 of reader 220 corresponds to 
an area within which reader 220 may receive RF signals 
sent by intelligent badges 270-1 and 270-2. 

[0057] | n s tep 330, few reference badges may be installed in pre- 
specified (fixed known) locations within the reader's zone. 
Reference badges 290 through 293 may be fixed at 
known locations (e.g., close to the entrance of zone 150). 
In step 335, the number of intelligent badges desirable to 
cover the entire zone may be computed. In an embodi- 
ment, number of IBs may be computed statistically (using 
approaches, which will be apparent to one skilled in the 
relevant arts by reading the disclosure provided herein) to 
ensure that the badge zones (after being attached to as- 



sets) of all the intelligent badges together cover zone 150. 

[0058] | n s tep 340, some assets are associated with the com- 
puted number of intelligent badges. For example, assets 
140-B and 140-E may be associated with IBs 270-1 and 
270-2 respectively. In step 350, remaining assets (other 
than the ones associated with IBs noted above) are associ- 
ated with asset badges (AB). Thus, badges 260-1, 260-2, 
292, and 293 may fall within the badge zone of IB 270-1, 
and badges 260-3, 260-4, 290 and 291 may fall within 
the badge zone of IB 270-2. 

[0059] | n s tep 360, an intelligent badge may collect the identi- 
fiers of all the asset and reference badges located within a 
corresponding badge zone. In step 370, a combination of 
set of collected identifiers and self identi- 
fier(corresponding to that IB) are sent from each IB to a 
corresponding reader. For example, IB 270-1 sends a 
combination of the set of collected identifiers (of 260-1, 
260-2, 292, and 293) and the self identifier to reader 
220. 

[0060] in step 380, reader 220 receives the combination (of set 
of collected identifiers and self identifiers) sent by each IB 
(located in the zone of that reader), and badge identifier 
of each asset badge that is sent directly (not via IB). In 



step 390, reader 220 sends combinations (sent by IBs) to 
central processing system 210. 

[0061] | n s tep 395, central processing system 210 computes the 
specific location of each asset by analyzing the multiple 
combinations received from each reader. The method 
ends in step 399. Thus, using the approach(es) described 
above, the location of an asset within a reader zone can 
be determined. It should be appreciated that various im- 
provements may be made to the embodiment(s) described 
above. Some example improvements are described below 
in further detail. 

[0062] q Associating Each Asset with an Intelligent Badge 

[0063] Figure 4 is a block diagram illustrating an example envi- 
ronment implemented according to another aspect of the 
present invention. The block diagram is shown containing 
central processing system 210, reader 220, assets 140-A 
through 140-Z, intelligent badges 470-A through 470-Z, 
and reference badges 290 through 293. Only the differ- 
ences in Figure 4 as compared to that of Figure 2 is de- 
scribed below for conciseness. 

[0064] intelligent badges 470-A through 470-Z are respectively 
associated with assets 140-A through 140-Z. Each intelli- 
gent badge collects identifiers of all other intelligent 



badges located in a corresponding badge zone. A combi- 
nation of set of collected identifiers and self identifier is 
sent to reader 220. The number of combinations received 
by reader 220 may equal number of intelligent badges 
(assets). 

[0065] For example, IB 470-A (associated with asset 140-A) col- 
lects the identifiers of IB 470-B and reference badge 293, 
generates a set, and sends the set along with identifier of 
IB 470-A. Similarly, IB 470-C sends a combination of set 
containing identifiers of IB 470-B, 470-D, and reference 
badge 292 to central processing system 210, which deter- 
mines the specific location of each badge within a reader 
zone. 

[0066] it should be understood that the resolution of identifying 
the location of an asset is enhanced (compared to Figure 
2) due to associating each asset with an intelligent badge. 
Each IB sending a combination (of sets and self identifiers) 
increases the number of combination received at the 
reader 220 and central processing system 210. The in- 
creased number of combinations may potentially result in 
identifying the approximate location of each asset more 
accurately. 

[0067] Th e description is continued with reference to a manner in 



the above configuration of badges is used/operated to in- 
crease the resolution according to an aspect of the 
present invention. 

[0068] 7 Increasing the Resolution of Identifying the Specific Location of 
an Asset of Interest 

[0069] Figure 5 is a flow-chart illustrating the manner in which 
resolution of identifying the specific location of an asset 
of interest can be improved according to an aspect of the 
present invention. For illustration, flow-chart is described 
with reference to environment of Figure 4. However, the 
method may be implemented in other environments as 
well. The method begins in step 501 in which control im- 
mediately passes to step 510. 

[0070] Steps 510, 520, and 530 are similar to steps 310, 320, 
and 330 and the description is not repeated for concise- 
ness. However, the number of IBs desired may not be 
computed (as described in step 335 of Figure 3) as each 
asset is associated with an IB. The remaining steps 540 
through 599 are described below. 

[° 071 ] In step 540, each asset is associated with an intelligent 
badge (IB) that are capable of collecting identifiers of all 
the badges located within the area of a corresponding IB. 
For example, intelligent badges 470-A through 470-Z are 



attached to assets 140-A through 140-Z and each IB col- 
lects the identifiers of IBs and reference badges located 
within a corresponding zone. 
[0072] | n s t e p 550, each intelligent badge collects the identifiers 
of all the IBs (sent using IR signal) and reference badges 
that are located within the area of a corresponding intelli- 
gent badge to form a set of collected identifiers. For ex- 
ample, IB 470-A (associated with asset 140-A) collects the 
identifiers of IB 470-B and reference badge 293, gener- 
ates a set, and sends the set along with identifier of IB 
470-A. 

[0073] | n s tep 560, each IB sends a combination of set of col- 
lected identifiers and self identifier of a corresponding IB 
to a corresponding reader. For example, IB 470-A sends 
combination of identifiers of IB 470-B, reference badge 
293 and self identifier using RF signal. 

[0074] in step 570, reader receives multiple combination, with 
each combination containing a set of collected identifiers 
and a self identifier sent from each of the IBs located in 
the corresponding readers zone. For example, reader 220 
receives a combination from IB 470-A through 470-G. 

[0075] in step 580, reader forwards multiple combinations to a 
central processing system. Multiple combinations may be 



forwarded to central processing systems using technolo- 
gies such as LANs, wire-less networks, etc., in a known 
way. 

[0076] | n s tep 590, central processing system computes the lo- 
cation of each asset based on the multiple combinations 
received. The resolution of identifying a location of assets 
is improved as each IB sends a set containing the identi- 
fiers of badges in a corresponding badge zone. The 
method ends in step 599. The resolution of identifying the 
location of an asset may thus be improved. 

[0077] it should be appreciated that the approaches described 

above may be implemented in the context of various envi- 
ronments. For example, the absolute (geographical) coor- 
dinates of the reader can be determined using CPS re- 
ceivers (as is well known in the relevant arts), and the ge- 
ographical coordinates of each asset may be determined 
relative to the reader position. 

[0078] Thus, the location of an asset located within the zone of a 
mobile reader may be identified. The description is con- 
tinued with respect to another aspect of the present in- 
vention in which a group of assets can be tracked as a 
single entity (asset). Such a tracking may minimize the 
processing requirements in processing system 210. 



[0079] g Tracking a Group of Assets as a Single Entity/Asset 

[0080] Figure 6 is a block diagram illustrating an example envi- 
ronment illustrating the manner in which a group of as- 
sets may be tracked as a single entity. The block diagram 
is shown containing central processing system 210, 
reader 220, assets 140-A through 140-Z, asset badges 
260-1 through 260-4, intelligent badges 270-land 
270-2, reference badges 290 through 293, active badges 
650-1, 650-2 and 650-3, and component badges (CB) 
680-1 through 680-7. Only the differences in Figure 6 as 
compared to that of Figure 2 is described below for con- 
ciseness. 

[0081] Active badges are designed to receive a set of component 
badge identifiers from corresponding component badges 
located within the zone of the active badge. Active badge 
may have the ability to send set of component badge 
identifiers along with the self identifier to a corresponding 
intelligent badge. A component badge may be designed to 
transmit the badge identifier using the energy of a signal 
received from the active badge. Using component badges 
generally enables reduction in cost, while tracking a large 
number of assets. 

[0082] Each active badge 650-1, 650-2 and 650-3 (respectively 



attached to assets 140-F, 140-G and 140-H) receives the 
component badge identifiers of the component badges 
located within the area of a corresponding one of active 
badges 650-1 through 650-3. Active badges in turn 
transmit a set of component badge identifiers along with 
self identifier (i.e., active badge identifier), which are re- 
ceived by intelligent badges (conveniently shown as only 
one IB) within the transmission range of the active badge. 

[0083] For example, active badge 650-1 transmits a set of com- 
ponent badge identifiers (of component badges 680-6 
and 680-7) along with self identifier to IB 270-2. IB 270-2 
transmits a set of badge identifiers (of active, asset, refer- 
ence and other intelligent badges) to central processing 
unit 210 (via reader 220). It may be appreciated that, each 
active badge identifier is associated with a set of compo- 
nent badge identifiers located within the zone of a corre- 
sponding active badge. 

[0084] Each of the component badges 680-1 through 680-7 

(respectively attached to assets 140-1 through 140-O) lo- 
cated within a corresponding zone (of active badge) sends 
an identifier to a corresponding active badge using the 
signal energy provided by the active badge. The identifier 
is received by the active badge. 



[0085] For example, component badges 680-6 and 680-7 (which 
are within the zone of active badge 650-1) send corre- 
sponding identifiers to active badge 650-1 using the RF 
energy provided by 650-1. A set of component badges 
are thereby associated to an active badge. The approxi- 
mate location of each of component badges may be de- 
termined by determining the location of a corresponding 
active badge. 

[0086] Central processing unit 210 processes multiple sets re- 
ceived from several IB(s) to determine the location of each 
badge including active badges (650-1 through 650-3). It 
may be noted that the location of an active badge may be 
determined similar to manner in which position of an as- 
set badge is determined (as described above). As each ac- 
tive badge is associated with a set of component badges, 
the approximate location of a component badge of inter- 
est may be determined by determining the location of an 
active badge. 

[0087] Thus, an approximate location of an asset associated with 
a component badge may be identified/tracked once the 
specific location of an active badge is identified. The de- 
scription is continued with reference to a method in cen- 
tral processing system. 



[0088] g Central Processing System 

[0089] Figure 7 is a flow-chart illustrating the details of a method 
employed in a central processing system in one embodi- 
ment. For illustration, the flow-chart is described with 
reference to Figures 2 through 6, however, other embodi- 
ments employing similar methods are contemplated to be 
within the scope and spirit of several aspects of the 
present invention. The method begins in step 701 in 
which control immediately passes to step 710. 

[0090] | n s tep 710, central processing system receives from a 

reader multiple sets of identifiers with each set containing 
identifiers of all the badges located within the zone of an 
intelligent badge. 

[0091] | n s tep 750, central processing system computes the spe- 
cific location of assets by processing the sets based on 
overlapping identifiers contained in multiple sets. In step 
770, central processing system indicates the location of 
assets, for example, in response to user requests. The 
method ends in step 799. 

[0092] Thus, a central processing system identifies the location 
of an asset. The description is continued with reference to 
an example implementation implemented substantially in 
the form of software. 



[0093] 10. Software Implementation 

[0094] Figure 8 is a block diagram illustrating the details of cen- 
tral processing system 210 implemented substantially in 
the form of software in an embodiment of the present in- 
vention. System 800 may contain one or more processors 
such as central processing unit (CPU) 810, random access 
memory (RAM) 820, secondary memory 830, graphics 
controller 860, display unit 870, network interface 880, 
and input interface 890. All the components except dis- 
play unit 870 may communicate with each other over 
communication path 850, which may contain several 
buses as is well known in the relevant arts. The compo- 
nents of Figure 8 are described below in further detail. 

[0095] CPU 810 may execute instructions stored in RAM 820 to 
provide several features ofthe present invention. CPU 810 
may contain multiple processing units, with each pro- 
cessingunit potentially being designed for a specific task. 
Alternatively, CPU 810 may contain onlya single general 
purpose processing unit. RAM 820 may receive instruc- 
tions from secondary memory 830 using communication 
path 850. The instructions may implement applications 
that identifies the specific location of an asset as de- 
scribed above. 



[0096] Graphics controller 860 generates display signals (e.g., in 
RGB format) to display unit 870 based on data/in- 
structions received from CPU 810. Display unit 870 con- 
tains a display screen to display the images defined by the 
display signals. Input interface 890 may correspond to a 
key_board and/or mouse. Graphics controller 860 and in- 
put interface 890 enable an user to provide search criteria 
(i.e., specify assets of interest) and view results. 

[0097] Secondary memory 830 may contain hard drive 835, flash 
memory 836 and removable storage drive 837. Secondary 
memory 830 may store the data and software instructions 
(e.g., multiple combinations containing badge identifiers 
sent by a reader, instructions enabling system 800 to 
identify the specific location), which enable system 800 to 
provide several features in accordance with the present 
invention. Some or all of the data and instructions may be 
provided on removable storage unit 840, and the data and 
instructions may be read and provided by removable stor- 
age drive 837 to CPU 810. Floppy drive, magnetic tape 
drive, CD_ROM drive, DVD Drive, Flash memory, remov- 
able memory chip (PCMCIA Card, EPROM) are examples of 
such removable storage drive 837. 

[0098] Removable storage unit 840 may be implemented using 



medium and storage formatcompatible with removable 
storage drive 837 such that removable storage drive 837 
can readthe data and instructions. Thus, removable stor- 
age unit 840 includes a computer readable storage 
medium having stored therein computer software and/or 
data. 

[0099] | n this document, the term "computer program product" is 
used to generally refer toremovable storage unit 840 or 
hard disk installed in hard drive 835. These computer 
program products are means for providing software to 
system 800. CPU 810 may retrieve the software instruc- 
tions, and execute the instructions to provide various fea- 
tures of the present invention as described above. 

[0100] llm Conclusion 

[0101] while various embodiments of the present invention have 
been described above, it should be understood that they 
have been presented byway of example only, and not 
limitation. Thus, the breadth and scope of the present in- 
vention should not be limited by any of the above de- 
scribed exemplary embodiments, but should be defined 
only in accordance with the following claims and their 
equivalents. 



